Introduction
There are only a few reports describing mixed dentition treatment for Class II malocclusion subjects, based on randomized controlled trials (RCTs; Ghafari et al. , 1998 ; King et al. , 2003 ; O'Brien et al. , 2003 ; Tulloch et al. , 2004 ) , all of which have used different orthopaedic appliances and treatment mechanics. In addition, the timing of the treatment and inclusion criteria for RCT has been different.
Early treatment still remains controversial. Much of the discussion concerning the effectiveness of early treatment has been concentrated on timing and suitable methods of intervention in Class II malocclusion subjects. In the majority of the studies, the examined groups received a second phase of fi xed appliance treatment, and it seems that much of the gained orthopaedic effects are lost during later growth ( King et al. , 2003 ; Tulloch et al. , 2004 ) .
One of the main goals of orthodontic treatment is to achieve long-term stability of the occlusion. There is, however, only limited data available concerning long-term stability after early treatment. Most post-retention studies have generally centred on the mandibular incisor segment because of its tendency to exhibit relapse after active treatment and retention or even with ageing ( Sinclair and Little, 1983 ; Little, 1990 ; Kahl-Nieke et al. , 1995 ; Rossouw et al. , 1999 ;  A randomized controlled study of early headgear treatment on occlusal stability -a 13 year follow-up Viktorija Kru š inskien ė * , Päivi Kiuttu ** , Johanna Julku ** , Anna-Sofi a Silvola ** , Tuomo Kantomaa ** and Pertti Pirttiniemi ** * Clinic of Orthodontics, Faculty of Odontology, Kaunas University of Medicine, Lithuania and ** Department of Oral Development and Orthodontics, Institute of Dentristry, University of Oulu, Finland SUMMARY The purpose of this investigation was to assess the long-term occlusal stability in a group treated early with headgear (HG) compared with a control group. The total study group comprised 68 children (40 males and 28 females) aged 7.6 years (standard deviation 0.3), randomly divided into two groups of equal size. In the fi rst group, HG treatment was initiated immediately, while in the control group only minor interceptive procedures were performed during the follow-up period. Fixed appliance treatment, if needed, including extraction of permanent teeth due to crowding, was undertaken after the completion of early treatment. The records were available from the start of the early treatment and at follow-up after 2, 4, 8, and 13 years. The US-weighted Peer Assessment Rating (PAR) Index, graded according to the severity of malocclusion, was used to evaluate occlusal stability. Little's Irregularity Index (LII)and intercanine distance in the lower arch were measured at all time periods. The Aesthetic Component (AC) of the Index of Orthodontic Treatment Need (IOTN) scores was used for evaluation of dental aesthetics at the last follow-up. Parametric tests were applied for statistical analyses, except for the evaluation of aesthetics, where a non-parametric test was used.
No signifi cant differences were found when long-term stability between the HG and control groups was evaluated at the 13 year follow-up. Lower PAR scores were observed in patients treated without extraction of teeth. A greater irregularity in lower incisor alignment before treatment was found in subjects later treated with extractions. The fi ndings of this study seem to suggest that treatment timing has only a minor infl uence on stability. Ormiston et al. , 2005 ) . The difference in long-term stability of orthodontically induced changes of arch alignment in patients treated early and those treated late is not well established. Haruki and Little (1998) , in their study of early versus late treatment of crowded fi rst premolar extraction cases, found that the late treatment group had greater mandibular anterior irregularity at the post-retention stage. It has been reported that lower anterior crowding continues to increase for up to 20 years after retention, with only 10 per cent of the treated cases having clinically acceptable mandibular anterior alignment ( Little et al. , 1988 ) .
To obtain objective data on treatment effi cacy, it is necessary to use valid and reliable measures of treatment outcome. The Peer Assessment Rating (PAR) Index, which measures the severity of dental malocclusion, was designed to effectively evaluate treatment outcomes ( Richmond et al. , 1992 ) . The index has been shown to have a good intra-and interexaminer reliability and generally demonstrates a high correlation with the opinions of dentists on the severity of malocclusion. Its reliability and validity have been established in the United Kingdom ( UK; Richmond et al. , 1992 ) and, with different weightings and by eliminating the mandibular anterior alignment component, in the United States of America ( USA; DeGuzman et al. , 1995 ) .
Aesthetic dental appearance has increasingly become more important in orthodontics. Subjects with a normal dental appearance have been judged to be more attractive and aesthetics is generally considered to be the main reason to seek orthodontic treatment ( Kiekens et al. , 2006 ) . Therefore, the assessment of the long-term outcome of orthodontic treatment should also include evaluation of aesthetics. Nowadays, the Aesthetic Component (AC) of the Index of Orthodontic Treatment Need (IOTN), as described by Evans and Shaw (1987) , is widely accepted for the evaluation of dental aesthetics.
The purpose of this study was to assess long-term occlusal stability in adulthood in a group treated early with headgear (HG) and in a control group. A further aim was to assess the infl uence of different treatment modalities on dental aesthetics.
The hypothesis of the study was that there are no signifi cant differences between the groups at long-term follow-up in occlusal stability and aesthetic outcome.
Subjects and methods
The experimental design was a prospective, longitudinal RCT of early HG treatment. The study group comprised 68 children of both genders (40 males and 28 females) aged 7.6 years [standard deviation (SD) 0.3 years]. The complete details of this trial have been reported previously ( Mäntysaari et al. , 2004 ; Pirttiniemi et al. , 2005 ) . In brief, the inclusion criteria were a need for orthodontic treatment due to moderate crowding and a Class II tendency. The crowding was clinically diagnosed as moderate, based on the degree of space defi ciency in the anterior regions of the dental arches. Twenty per cent of the children had an Angle Class II molar relationship and 80 per cent a bilateral or a unilateral cusp to cusp relationship.
The children were randomly divided into two groups of equal size using random numbers. In the HG group, treatment was initiated immediately. In the second group, which served as the control, only minor interceptive procedures were performed during the follow-up period. The criterion for providing interceptive treatment in the control group was to achieve improved alignment of the anterior teeth during the early mixed dentition. The interceptive procedures in the control group, to permit the eruption of the lateral incisors, were extraction of the upper primary canines in 38 per cent and lower primary canines in 35 per cent. In addition, in 19 per cent of the subjects in the control group, interdental stripping was carried out.
The dental casts included in the present study were taken before (T0) and after follow-up periods of 2 (T1), 4 (T2), 8 (T3), and 13 (T4) years.
Between T1 and T3, there was no difference between the groups in the treatment protocol. Orthodontic treatment, if needed during this phase, comprised fi xed appliance therapy, including extraction of permanent teeth due to crowding. In 27 per cent of the HG and in 57 per cent of the control group, fi xed appliance therapy, after the fi rst phase of treatment, was undertaken. In 16 per cent of the HG and in 34 per cent of the control group, extraction of the permanent teeth was carried out ( Pirttiniemi et al. , 2005 ) . Fifty-three patients (83 per cent of the total study group) who continued to the second phase of treatment at T2 completed the follow-up at T3 and full records were available. Thirty-four subjects (53 per cent of the total study group) attended a recall appointment at T4 at the mean age of 20.6 years.
Measurements on study casts
At T2, T3 and T4 dental cast analysis was carried out using the US-weighted PAR Index according to the malocclusion severity ( DeGuzman et al. , 1995 ) . At T0 and T1, there were diffi culties in using the index in the early mixed dentition. The scores were weighted for the separate components, and summed to obtain a total score (PAR Index), expressing the severity of malocclusion.
Little's Irregularity Index (LII; Little, 1975 ) was measured as the sum of the linear displacements of the anatomical contact points of each mandibular incisor from the adjacent tooth anatomical points for all time periods.
Intercanine distance in the lower arch was measured by marking the tips of the cusps of the canines at a tangent to the occlusal plane with a sharp pencil. The cusp tips were consistently marked at the same point: the intersection of the cusp occlusal contour with the buccal vertical axis of the cusp.
All measurements were made by one author (VK) directly on dental casts using a digital calliper with an accuracy of 0.01 mm.
Dental aesthetics was evaluated in the patients by two calibrated observers (PK and ASS) using the AC of IOTN scores ( Evans and Shaw, 1987 ) at the last follow-up (T4).
Statistical analysis
Normality of the sample was assessed before the analyses and, as there were only minor deviations, the use of parametric tests was preferred when applicable. To analyze the PAR and LII indices between the groups, an independent samples t -test was used. A one-sample t -test was performed for analysis of the differences between the different time points of PAR scores and LII. For intercanine distance comparisons, and also for comparison between PAR and LII, univariate analysis of variance was used.
A random sample of 20 sets of study casts were evaluated and measured by the same author (VK) twice for all parameters with an interval of 1 week. The intraobserver error of the method for dental cast analysis was measured using intraclass correlation (ICC). Non-parametric tests (kappa) were carried out for evaluation of observer agreement in IOTN scores and for comparison of AC/IOTN scores between the observers.
The Statistical Package for Social Sciences, version 14.0 (SPSS Inc., Chicago, Illinois, USA) was used for statistical analyses.
Results
The ICC scores for intraobserver error of the method in dental cast analysis ranged from 0.988 to 0.998. Kappa for observer agreement in scores of AC/IOTN between the two dental specialists was 0.78. The results of the two examiners were pooled and the mean score of the two observers was used in the analysis.
No differences were found between the HG and control groups at any time points in PAR score but the increase in PAR scores from T3 to T4 was signifi cant for the control group [mean increase 3.75 (SD 4.94; P = 0.003); Table 1 , Figure 1 ].
When the HG and control groups were analyzed separately according to whether or not extractions had been carried out, the mean weighted PAR score was lower for the control group without extractions than for the control group with extractions at T3 ( P = 0.026) and at T4 ( P = 0.015). There was a signifi cant increase in PAR scores for the controls with extractions ( P = 0.022) also for the controls without extractions ( P = 0.044) from T3 to T4. The PAR score for the HG group without extractions was lower than for the HG group with extractions ( P = 0.050) at T4 ( Table 1 , Figure 2 ) . When comparing the patients with and without extractions, in general, there was a tendency for the extraction group to exhibit larger PAR scores and the differences were signifi cant at T3 ( P = 0.032) and T4 ( P = 0.001). The increase in the PAR scores was signifi cant for patients treated with ( P = 0.004) and without ( P = 0.016) extractions from T3 to T4 ( Table 1 , Figure 3 ) .
No differences were found between genders, but the increase in PAR from T3 to T4 was signifi cant for males [mean increase 4.0 (SD 4.67; P = 0.002)].
No signifi cant differences were found between the HG and control groups in LII at any time period ( Table 2 , Figure 4a ) .
By separating the groups according to the extraction of permanent teeth, a signifi cant difference in incisor irregularity was found at T0. The patients who had per manent extractions in the second phase of treatment had a greater incisor irregularity at T0 (6.84 mm; SD 3.78), when compared with the group without extractions (3.79 mm; SD 2.27; P = 0.0001). At T3, there was an opposite trend; incisor irregularity was greater in the group without (3.36 mm; SD 1.64) than in the group with (2.31 mm; SD 1.47; P = 0.045) extractions. The tendency was similar at T4 but not signifi cant ( Table 2 , Figure 4b ) .
After separating the groups according to gender, a signifi cant increase in LII in males from T3 to T4 was observed [mean difference 0.64 (SD 1.11; P = 0.03)].
A larger intercanine distance was found in the HG group (27.93 mm; SD 1.97), when compared with the control group at T1 (25.76 mm; SD 1.71; P = 0.005). At T2, the corresponding values for the HG and controls were 26.63 mm (SD 2.42) and 26.30 mm (SD 1.92; P = 0.038), respectively. Males had a larger intercanine distance at T0 (26.46 mm; SD 2.03) when compared with females (25.01 mm; SD 2.10; P = 0.001).
No signifi cant differences were found in the AC/IOTN between the HG and control groups at T4 ( P = 0.702). After pooling the HG and control patients, the AC/IOTN scores were compared with the PAR Index at T4. The fi nding was that patients with higher PAR scores also had signifi cantly poorer aesthetic scores ( P = 0.023, Figure 5 ). No associations were found between AC/IOTN scores and LII.
Discussion
The purpose of this study was to assess long-term stability by evaluating occlusion, lower anterior segment, and intercanine distance changes in a group treated early with cervical HG and in a control group. A further aim was to evaluate the aesthetic outcome of the dental arches. The most important consideration was to determine if treatment started in the early mixed dentition provides more stable results compared with single-phase treatment delayed until adolescence.
After the two-phase treatment, the average PAR score was approximately at the same level for patients who underwent early treatment, as for those who did not. These fi ndings are in agreement with the research of King et al. (2003) and Tulloch et al. (2004) . The PAR score in the present study was reduced after the second phase of treatment for both groups, but increased at the 13 year follow-up. However, worsening of the PAR scores was signifi cant for the control group when the follow-ups at T3 and T4 were compared. The reduction in PAR scores at T3 was most probably due to the fi xed appliance treatment in those patients. Fixed appliance treatment effectiveness per se was not analyzed, as a second phase of treatment was undertaken only in 27 per cent of the HG and in 57 per cent of the control group. This was due to the fact that in some patients the alignment of the teeth and improved occlusion after the fi rst phase treatment was suffi cient, and no further treatment was considered necessary ( Pirttiniemi et al. , 2005 ) .
A signifi cant difference was found in the HG group between subjects with and without extractions at T4 and also analogous differences in PAR scores in the control group. The PAR score values were higher in patients treated with extractions when compared with those treated without, but an increase in PAR scores occurred in both groups. Table 1 Weighted Peer Assessment Rating (PAR) Index after follow-up periods of 4 (T2), 8 (T3), and 13 (T4) years and PAR Index change between T3 and T4 in the headgear (HG), control (CO), extraction (EX), no-extraction (NO-EX), headgear no-extraction (HG NO-EX), headgear extraction (HG EX), control no-extraction (CO NO-EX), and control extraction (CO EX) groups. When crowding was analyzed according to the extraction of permanent teeth, a signifi cantly higher LII value was seen at T0. It could be speculated that lower incisor irregularity at an early age might be a diagnostic tool for planning extractions during later orthodontic treatment. After completion of the second phase of treatment, LII was poorer in patients without extractions. The difference in alignment of the lower anterior segment may be due to the fact that all extraction cases had a second phase of treatment. Little et al. (1988) found that the most relapse in incisor alignment occurred during the fi rst 10 years of retention and subsequently continued but to a lesser degree. Paquette et al. (1992) observed that half of their non-extraction and three-quarters of their extraction patients had a relapse in incisor irregularity. Rossouw et al. (1999) and Erdinc et al. (2006) found no signifi cant differences in treatment outcomes when groups treated with or without extractions were compared. Kahl-Nieke et al. (1995) noted greater post-retention mandibular crowding in subjects treated without extractions compared with those treated with Table 2 Little's Irregularity Index (mm) measured in the headgear, control, extraction, and no-extraction groups before (T0) and after follow-up periods of 2 (T1), 4 (T2), 8 (T3), and 13 (T4) years. extractions, after a mean follow-up time of 16 years. The US PAR weighting does not take into account the lower anterior segment, and therefore it was interesting that incisor irregularity was relatively small, while PAR scores were higher, in the patients with extractions. This suggests that other occlusal factors tend to relapse more than lower incisor stability in patients with a history of extractions, when compared with those without extractions. The only signifi cant difference between the HG and control groups was a larger lower intercanine distance in the HG group at the end of the fi rst phase, with the change becoming insignifi cant at later time points. The increase in intercanine distance was probably due to early expansion as a result of the HG treatment. Males had a signifi cantly larger intercanine dimension than females at T0 but at the later time points the difference was not signifi cant.
A signifi cant increase in PAR score and also an increase in LII were found at T3-T4 in males in the present study. Ormiston et al. (2005) , in their investigation on treatment stability, found that in males a sustained period of growth was closely related to increased instability. The infl uence of dentofacial growth and rotation of the jaws on occlusion was evaluated by Björk and Skieller (1972) , who speculated on the possible role of mandibular growth on the changes in lower anterior dental position.
The general conclusion, based on the existing literature ( Little, 1990 ; Sadowsky et al. , 1994 ; Kahl-Nieke et al. , 1995 ; Rossouw et al. , 1999 ; Ormiston et al. , 2005 ) , is that the degree of post-retention anterior crowding as well as the relapse in occlusion is unpredictable and variable.
There were no differences between the studied groups in dental aesthetics at T4. Thus, it can be concluded that neither treatment modality is superior. An interesting fi nding was observed when comparing the AC/IOTN and the USweighted PAR score, which does not score the lower anterior segment. Poorer PAR scores were associated with a higher AC/IOTN. With LII, however, this type of association was not found. Thus, it can be concluded that in this study the examiners relied more on the occlusion and upper anterior segment alignment than on lower incisor alignment, when dental aesthetics were evaluated.
Although some studies have attempted to fi nd pretreatment factors associated with post-retention crowding, most have failed to show any reliable predictors of stability. PAR scores and LII in treated patients tend to deteriorate over time. Many factors play important roles in stability, such as treatment and retention methods, compliance, and growth.
Conclusions
No signifi cant differences were found for occlusal outcome between patients who had undergone early HG treatment and a corresponding control group, when evaluated at a 13 year follow-up. Lower PAR scores were observed in the group treated without extraction of permanent teeth but relapse in occlusion occurred in both groups, treated with or without extractions. The greatest irregularity in lower incisor alignment at the beginning of treatment occurred in the group later treated with extractions. Neither treatment method was superior when long-term aesthetics was examined. The results of the present study indicate that the occlusion and upper anterior segment alignment are considered more important for aesthetics than lower incisor alignment. 
